This instrument, developed for quantitating fluorescence polarization immunoassays, automatically measures both polarization components and computes a polarization value corrected for background and optical bias. An electronically switched liquid crystal provides a nonmechanical means of rotating the plane of polarization in the excitation optics. The electronic design feattres digital integration and microprocessor controlled functions. Readings are made in disposable 12 X 75 mm round culture tubes, in less than lOs. Results are precise to 0.00 1 polarization unit, linear from iO-to 10-10 mol of fluorescein per liter, and correlate well with those obtained with other 'high-peormance" instrumentation.
Clinical applications of fluorescence polarization immunoassays have been encumbered by the lack of simple, lowcost, fast, and reliable instrumentation (1) This FPA (fluorescence polarization analyzer) features digital output, hard-copy printout, an electro-optical system designed to read samples in disposable culture tubes, automated data reduction, and an electronically switched liquid crystal that provides a nonmechanical and automatic means of rotating the plane of polarization of the excitation light.
Materials and Methods

Specialized Apparatus: General Description
The analyzer consists of a filter fluorometer, a data processor, a control panel, and a printer. The filter fluorometer utilizes a 50-W tungsten/halogen lamp, interference filters in the excitation and emission optics, and a photomultiplier tube.
The interference filters have been selected for use with fiuorescein; other filters may be used with minimal effort in changing over. The plane of polarization is automatically rotated with a liquid crystal. Samples are inserted manually into the test tube well, and a slide cover is used to shield the fluorometer from ambient light. A microprocessor controls all system functions and data processing. It executes programs stored in permanent memories, which provide several modes of operation. The hard-copy printer provides a record of test The polarization bias of the total optical system is confined to the light path between the polarizer in the excitation optics and the polarizer in the emission optics and may be compensated for by calculating polarization with use of the correction factor (6), K:
where IVH is the photomultiplier signal when vertically polarized light excites the sample and the horizontal component of the emitted light is analyzed and IHH is the photomultiplier signal when horizontally polarized light is analyzed.
Because the polarization bias is relatively small (K = 0.98), K is routinely assumed to equal 1, as is the case for polarization data from the FPA presented in this paper.
Electronics
Analog and digital electronics are outlined in Figure 2 . The functional organization of the fluorometer was derived from an existing system, Abbott Laboratories' QUANTUM I dualwavelength filter photometer.
The tungsten/halogen lamp is driven by a switched-mode power supply, and the beam's intensity is monitored by a sil- Any intensity value measured by this scheme is given as the ratio of the frequency-channel counts to the reference clock-channel counts. The polarized fluorescence intensity may be determined by a single acquisition, as described above, or may be digitally filtered by performing multiple acquisitions for a specified integration time at regular intervals. Additionally, concurrent acquisitions of the excitation beam intensity may be performed, allowing normalization of lamp flicker. The measurement options are presented to the software via appropriate entry from the keyboard. Also, reports are generated by the particular mode that is being run. ples at each concentration. Culture-tube variability is included in these readings, because 20 different culture tubes were used at each concentration. Table 1 summarizes results of the precision analysis for the FPA. The precision was found to be better than 0.001 polarization units at each concentration.
Results
Precision
Sensitivity
Sensitivity is defined as that concentration of fluorescein which can be distinguished from buffer with 95% confidence.
The concentration of fluorescein for which the total intensity (Iyv + 2Ii-iv) is two standard deviations from the mean of the total intensity of the buffer is the lowest concentration detectable.
The standard deviation and mean of the total intensities for five replicates of buffer were determined. 
